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gfmkr and year ofbirth. !f.kcause tk SIN is generally not available Ion the mortality data, and

because the remaining information was inadequate for accurate linkage, the first step was to add

much more detailed identifying information from the master index file of SINS. Subsequently,

using the much more detailed identifying information, a computerized record linkage was carried

out between the seven hundred thousand records from the labor force sample and approximately

2 million death records for the years 1965 to 1973 (11). Subsequently, two updatings of the

mortality linkage have been conducted.

Analyses were carried out relating the various occupational codes for individuals on the file to

risk of 67 different causes of death. Because of the monitoring nature of the exercise, and the

obvious problem of multiple comparisons, results have been reported for associations satisfying

criteria based both on significance and size of effect. A series of publications has included the
.>

var~ous updates, and results for both men and women (8, 11-12).

This study provides an example where active follow-up could possibly have been utilized since

the cohort was established much more recently than the fluoroscope cohort; however the cost of

such follow-up would be completely prohibitive given the large size of the cohort, and hence the
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use of computerized record linkage with the mortality data base provides a very cost effective

.
and indeed the only sensible approach to carrying out such a study.

(c)The Eldorado Study (1 3-1 6): this is a cohort study of workers at the company then called

Eldorado Resources Limited which operated two uranium mines and a processing plant in

Canada. The objective was to study the relationship between exposure to radon and its decay

products and the subsequent risk of cancer, particularly lung cancer. The cohort of

approximately 20,000 individuals was established from the personnel and payroll records of the

company. The identifying information available was somewhat limited, as was typical of many

mines at the time the two Eldorado mines were operating. However, it proved adequate for the

purposes of record linkage, which was used to identifi mortality in the cohort from 1940 on as in

the fluoroscope study. Again analysis had to be restricted to the years from 1950 on when

underlying causes of death became available on the data base.

Separate analyses have been reported for the two mines. The first mine which was operated at

Port Radium in the Northwest Territories opened in 1930 and closed in 1960. The second,

Beaverlodge in Saskatchewan, opened in 1949 and closed in 1982. Both cohorts of miners

.
de~onstrated an exposure related substantial increased risk of lung cancer mortality between

1950 and 1980, the most current year for which follow up data were available at the time results

were reported. However, the risk per unit of exposure differed by a factor of about 12 between

the two mines, with Beaverlodge having the higher risk. It was postulated that this might be

due to an inverse exposure rate effect, since exposure rates were far higher at Port Radium than

42
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they were at Beaverlodge.
.

Subsequently. the data from these two cohorts were included in a combined analysis with those

from nine other cohorts of underground miners exposed to radon decay products, and this

combined analysis provided strong evidence in favor of the inverse exposure rate hypothesis

(17), The data from these cohorts have also been analyzed for cancer mortality other than lung

cancer and these results too have been reported (18).

Again, the Eldorado study illustrates a situation in which study subjects may have been lost to

contact many years ago, particularly those employed at the Port Radium, mine; hence,

computerized record linkage with passive follow-up provides the only feasible means of

conducting such a study. This study also demonstrated that the record linkage system employed

is relatively robust to identi~ing data quantity and quality, which were poorer in the study than

in most of the other cohort studies.

(d) The Canadian National Railway Study (19):The objective of this cohort study was to

ascertain mortality patterns amongst retired railway workers, and in particular to determine

whether relationships existed between various causes of death and occupational exposure to
,--.

diesel fumes and coal dust. The cohort consisted of all male Canadian National Railway

pensioners who had retired before 1965 and who were known to be alive at the start of that year

as well as those who retired between 1965 and 1977, in total 43,826 subjects. Computerized

record linkage was used to link records from the cohort to the Canadian national mortality data

base to the end of 1977. This resulted in a total of 17,838 deaths between 1965 and 1977, of
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which 933 were ascribed to lung cancer as the underlying cause.
.

It is of interest to note that the original proposal to ascertain deaths in the cohort was for purely

administrative purposes in order to carry out a death clearance of the company’s pension file.

However, this proposal was refised on the grounds of confidentiality, but permission was given

to carry out the linkage in the context of an epidemiologic study, but with no administrative uses

of the linkage permitted.

Exposure to coal dust and exposure to diesel fimes were assessed on the basis of last recorded

occupation in the pension file (the only occupation available) by industrial hygienists from the

railway company, who graded the occupations into “non, possibly or probably exposed”. On the

basis of this exposure measure there was a highly statistically significant dose response

relationship between exposure to both coal dust and diesel fhmes and risk of lung cancer

mortality with relative risks of 1.0, 1.2 and 1.4, p<O.001. However, it was not possible to

distinguish effects of coal dust from diesel fiunes since these exposures were highly correlated.

Although it was not possible to account for the potential confounding effect of cigarette smoking,

these results provided some evidence in support of the postulated causal relationship between
,>

exposure to diesel fumes and lung cancer risk.

This study again illustrates the utility of computerized record linkage in carrying out large scale

cohort studies at a relatively low cost. It is of interest to note that, although the cohort was

based on pension records, clearly active follow-up would have lead to missing information, since
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such missing information was the rationale for the original proposed administrative use of the

linkage.

U.S. NATIONAL DEATH INDEX

The most widespread application of computerized record linkage in the context of cohort studies

in the United States is provided by the National Death Index ~DI]. The NDI is a registry of all

deaths occuring in the United States, and is maintained by the National Center for Health

Statistics (20). Computerized mortality records

offices in all 50 states, the District of Columbia,

are provided to the NDI by the Vital Statistics

Puerto Rico and the Virgin Islands, generally

within 12 months of the completion of each calendar year. The index contains deaths from 1979

on, with approximately 2 million deaths being added each year.

The NDI may be used by epidemiologists and others to link data from cohorts to the Index in

order intially to identifi date, fact and State of death for individuals in the cohort who have died.

However, unlike the corresponding Canadian system described above, the linkage process to the

NDI is not probabilistic in nature. Rather, all records in the two files, i.e. the cohort file and the

NDI are compared on a series of definite criteria which have to be completely safisfied for any
.%.

pair of records to be identified as a potential link. These criteria consist of combinations of

various identifiers such as the social security number, surname, date of birth and gender. A pair

of records is considered a potential match when there is exact agreement on all the identifiers

contained in any particular criterion. As with the Canadian system, the NYSIIS code of surname

can be employed in the NDI linkage system to allow for common misspellings of surnames.
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The researcher receives back from the NDI records of all possible matches i.e. all those satis~ing

.
any of the various matching criteria. Because of the possibility and indeed probability of

multiple links including the same record(s) possible links have to be resolved in some way (see

below) in order to identifi those links which will be treated as “definite”, and those which will be

rejected. The researcher may then write to the appropriate State local office in order to obtain a

copy of the death certificate corresponding to the particular death link, in order to obtain the

underlying and other causes of death. Recently, the NDI has announced the formation of the

National Death Index Plus whereby researchers will automatically be provided with the causes of

death coded to the Ninth Revision of the International Classification of Diseases for any potential

link identified in the NDI, thus saving the researcher the necessity of obtaining copies of the

original death certificate from the State in question.

Clearly, the major potential problem with using the NDI is that inevitably the linkage is liable to

initially produce many false positive links since it is deliberately designed to err on the

conservative side in the sense of identifying any potential link by virtue of its use of multiple

linkage criteria. This problem is clearly recognized by the custodians of the NDI who warn

researchers of this issue, and advise them of the necessity to fhrther prune the potential links to
,s+

reduce these to a more reasonable number.

Such pruning is best achieved by the use of probabilistic techniques identical to those described

earlier in this review. Estimates can readily be made of the weights corresponding to the various

possible outcomes, as can estimates of error rates in recording. When this has been done, a total
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weight may be computed for each potential link.

.

The next step is to resolve any duplication i.e. multiple potential links involving the same

records. The simplest approach is to allow the highest weight relating to any specific record to

prevail (though theoretically this does leave a small possibility of some logical conflicts). Since

in general no further identifying information will be available for records from the NDI,

resolution should be based on the probability weights rather than manual inspection. The final

decison is again to establish a cut-off value dividing links into accepted or rejected.

The combination of the resources of the NDI together with subsequent probabilistic record

linkage provides an excellent resource for conducting cohort studies in the U. S. in which

mortality is the end point. Many studies have already made successful use of the NDI including,

for example, a number of cohort studies of workers at various Department of Energy facilities

(21). A usefid bibliography is included in the National Death Index User’s Manual (20).

A recent interesting test of the NDI was provided by researchers using data from the US Nurses

Health Cohort Study (22). Data were sent to the NDI on 197 known dead subjects, and
,s.

1,997subjects known to be alive. Following linkage to the NDI, and subsquent resolution of the

potential links by the researchers, the sensitivity of the NDI i.e. the percentage of known dead

subjects identified as such by the NDI was estimated to be 97.7percent, and the specificity i.e. the

number of women known to be alive but incorrectly identified by the NDI as dead was found to

be zero. These data and other similar exercises which have been reported should provide
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confidence in the use of the NDI as an important tool for mortality follow-up for cohort studies

conducted in the U.S.

DISCUSSION

Computerized record linkage clearly has played and continues to play an important role in

numerous cohort studies in Canada, the U.S. and elsewhere. The approach in conjunction with

population registries of mortality, cancer incidence and other health outcomes makes possible the

use of passive follow-up which makes feasible large studies at a relatively low cost. The

approach is particularly usefid for retrospective cohort studies where study subjects may have

been identified and lost to active follow-up many years ago.

In terms of cohort studies two problems need to be considered when record linkage is used in

such studies for follow-up purposes. First, is the potential problem of out migration from

coverage by the registry which is being used to identi~ the outcome of interest. For example,

the Canadian mortality data includes death records of Canadians living in the U. S., but not

C&%adians who have migrated to other countries. This of course is really a problem of passive

follow-up rather than of linkage per se but nevertheless is ollen raised in studies which have used

linkage. Sometimes the problem can be addressed if migration records are available so that

migrating members of the cohort can be identified. Other approaches include linking the records

of the cohort to a “live registry” such as current tax files or the Social Security index in the U.S.
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Although overall experience has suggested that undetected loss to follow-up is minimal in the

.
majority of situations in which linkage has been used to date, this possibility should be borne in

mind and the situation investigated before a decision is made to use passive follow up employing

record linkage.

The other major potential problem arises from the probabilistic nature of the linkage, so that

inevitably there is some degree of uncertainty that true links may have been missed or false links

introduced by the setting of a single threshold value i.e. the false negative and false positive rates

may not be zero. The effect of false positives, if the rate is unrelated to exposure status, is to

attenuate both risk differences and risk ratios towards the null and hence dilute any true effect.

The effect of false negatives, again if the latter is unrelated to exposure, is to attenuate risk

differences towards the null, but to have little impact on risk ratios, although the latter

phenomenon does lead to a loss of power. Thus, a reasonable approach is to set a conservative

threshold i.e. to err on the side of reducing the number of false positives if anything, and to

depend for the primary analysis on relative risk rather than risk difference measures. In addition.

it will be usefil to repeat analyses with a variety of possible thresholds to examine how much

impact this has on the corresponding relative risk estimates. In practice, in the experience of the
.

author, this leads to relatively minor changes in relative risk estimates which is reassuring.

Overall, in terms of assessing the performance of passive follow-up in conjunction with record

linkage, studies have suggested that such follow-up does as equally well as active follow-up (23).

Thus, computerized record linkage should provide a reliable tool for passive follow-up in cohort
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studies provided careful consideration is given to the principles as described above.

.

One issue not addressed in this review which gives rise to concern in the application of

computerized record linkage is that of confidentiality. The concern arises because linkage by

definition involves personal identifiers such as names or social security numbers, and because of

public perception that linkage among the data bases in which they are recorded could be done

without the subject’s knowledge, and with great ease. It is obviously essential therefore that

strict criteria be used to maintain confidentiality. For example, the linkages to the Canadian

mortality data base described earlier were all carried out in Statistics Canada under the protection

of the Canadian Statistics Act, and individual records with death information were returned to

researchers only with the more personal identifiers such as names removed. For prospective

cohort studies there needs to be informed consent amongst study subjects to have their records

linked at some future point to health outcome records. Of course this safeguard is not generally

available for retrospective studies. It is reassuring to note that to date, despite the large number

of studies that have utilized this technique, to the best of the author’s knowledge, there has been

no demonstrated breach of any individual’s confidentiality.

Th~record linkage systems in Canada and the U.S. described above have now operated

successfully for a number of years. Other countries also have linkage systems in place which

permit the ready identification of health outcomes by such means including some of the

Scandinavian countries (which utilize a personal identification number) and the United Kingdom

(which utilizes the national health number). Further, systems are being developed in other
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countries including Israel and the former Soviet Union. Although some practical differences in

.
these countries have to be addressed (e.g. the use of Cyrillic characters in the Russian language)

the principles to be applied are identical to those described above with respect to the Canadian

system which should continue to provide a useful model for such systems, and thus continue to

facilitate the conduct of large cohort studies at reasonable cost and with high efficiency.

.s.
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Figure 1

Schematic of the Generalized Iterative Record Linkage System (GRLS)
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APPENDIX 5
.

REPORT ON THE NOVEMBER 14, 1997 VISIT OF DR. MA.WYK AND MR. COLE TO

COLUiMBIA UNIVERSITY LABORATORY FACILITIES
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Lalmra@-~During NCI Site Visit .

The Site Review at Columbia University included a tour of the laboratory facilities of the clinical
professors who are a part of the Chernobyl project. Dr. Fayter showed Dr. Masnyk and Mr. Cole
the uhrasonography imaging room; Dr. Matsushita, the hematopathology laboratory where slides
are processed, stained and stored; Drs. Fink and Reiss, the hematology and flow cytometry
laboratories to characterize the specific type of leukemia, Dr. Greenebaum, the cytopathology four
headed training microscopes and aspiration cart; and Dr. Matsushita, the surgical pathology
“Gross” room where tissue specimens are received from the operating rooms, and a demonstration
of the processing of a lung specimen and use of a medical voice dictation system. More detailed
laboratory reports prepared by the clinical physicians and detailing the specific equipment and a
description of its usage at the Columbia-Presbyterian Medical Center follow.

The NCI and Columbia team visited the cytopathology laboratory area in Babies Hospital South.
The three areas include:

(1) Cytopreparatory – where specimens are accessioned into the computer, given a case number
and processed as needed, centrifuged, then smeared and stained with standard Papanicolaou
stain. This area handles >30,000 cervical Pap smears and 9,000 non-gynecological
specimens including >2,000 fine needle aspiration biopsy cytology cases per year, The
staining solutions are stored and used under a fume hood because of carcinogenic fumes.
Universal precautions – handling every case as though it is infectious with hepatitis, HIV and
tuberculosis – are mandatory. It is for this reason that separate rooms are used for
cytopreparation away from the cytotechnologists and clerical staff.

(2) Cytotechnologists (3 1/2 FTE) screen all the slides. The entire surface of the slide is

. -:

(3)

evaluated to detect cancer cells or other neoplastic, pre-neoplastic or infected cells or
infectious agents. The abnormalities are dotted with felt tip pens onto the slide’s cover

slipped surface. The cytotechnologists opinion is written onto the requisition form and then
entered in the computer (either by the cytotechnologists or a clerk-typist). When the case is
a cervical Pap smem screening for uterine cervical cancer, only the abnormal cases and the
“high risk” cases are given to the cytopathologist for review and diagnosis.

In these cases the requisitions with preliminary diagnoses are delivered to the cytopathologist
for final evaluation and the reports, after any necessary modifications are signed
electronically after entering a unique, secret password. The report simultaneously becomes
available throughout the hospital and at all off-site clinics and offices.

The group next visited the surgical pathology laboratories in the Vanderbilt Clinic. The “Gross”
room where tissue specimens are received from the operating rooms, clinics and outpatient offices
was visited with Dr. T. Strom, a pathology resident demonstrating the processing of a lung specimen
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and a medical voice dictation system for continuous speech data entry (Meal Speak - IBM). The
histology laboratory where tissues become sections on glass slides was visited subsequently. The
automated slide labeler, 4 hour tissue processor and automated cover-slipper were seen. The special
stains area is in an adjoining small enclave. It is here that the “ultra-fast Papanicolaoy stain” is
performed on air-dried fine needle aspiration biopsy cytology specimens (90 seconds. 10 solutions,
permanent mounting). Two articles elaborating the use and benefits of this ultra-fast Papanicolaou
stain, one of which is specifically about thyroid, were given to Dr. Masnyk.

The last visit was to Dr. Greenebaum’s office, where a 4 “headed” 01 ympus BH2 microscope with
10x oculars and 2x,4x, 10x, 40x and 60x objectives is located. Use of the additional “heads” and the
advantages of the ultra-fast Papanicolaou stain over the Diff7Quik or Wright Giemsa (or other
Romanowsky stains) was demonstrated. The microscope’s extra “heads” are used on a routine basis
to teach residents and junior attending physicians advanced skills in cytopathology.

Lastly, the aspiration cart set up for attending and/or performing aspirations on hospitalized or out
patients in clinics or private ofllces was shown to Dr. Masnyk and Mr. Cole. The cart includes a 2
“headed” binocular microscope, screw-capped Coplin jars with the 3 DiffQuick solutions 1, II, III

plus a 4th with water. Slides, needles and a Cameco pistol-grip syringe holder are can-ied along with
alcohol wipes and 2 to 4 inch square gauze pads and Band-Aids. Non sterile disposable medium size
exam gloves are used both to do the aspiration biopsy and the specimen preparation and staining.
They are discarded and hands washed after every patient encounter.

Additionally, as a part of the facilities tour, Dr. Judith Fayter guided Dr. Masnyk and Mr. Cole
through the ultrasonography area in the Department of Radiology. The imaging equipment and data
storage were discussed as they relate to thyroid ultrasound. Specifically, the group was shown a
standard ultrasound imaging room with an Acuson 128XP- 10 including multiple transducers. For
thyroid imaging, a mid-level machine would be satisfactory with 5 and 7 MHz transducers.

Image storage options include matrix and laser cameras, VCR with capability of digitizing images,
or direct OD storage. Paper or thermal storage would be less reliable for long-term storage and
retrieval. The discussion also included aspiration biopsy technique, specifically use of a 5/8 inch

25g needle.
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